We consider the Jaynes-Cummings model for N particles in the thermodynamic limit showing how it can produce decoherence on a Schrödinger cat state. This mechanism can be observed in current experiments with cavities.
The foundations of quantum optics rely on the Hamiltonian of the interaction of a single radiation mode with an atom that, for all practical applications in optical regime, reduces to the well-known JaynesCummings model [1] . The proper working of this model is due to the effectiveness of certain approximations [2] : The rotating wave approximation and the two-level approximation. These approximations are enough to justify the success of the Jaynes-Cummings model in the optical regime.
In experiments involving such a model a quite common effect that appears is decoherence, that is the loss of unitarity in the quantum evolution due to external environment effects [3] . Decoherence can make very difficult to realize quantum computers. Indeed, our aim in this paper is to treat the problem of quantum coherence for a system obeying the Jaynes-Cummings model and being composed by N twolevel atoms in the limit of N becoming infinitely large (thermodynamic limit). Decoherence is shown to appear in this case as no physical meaning can be attached to an infinitely large Rabi frequency and and an average in time is needed [4, 5] . Our aim is to prove the disappearance of a Schrödinger cat state in the thermodynamic limit when the evolution of the system is driven by the Jaynes-Cummings model. This can be seen as a property of this model showing a form of dynamical reduction of the density matrix to a mixed form, i.e. decoherence. A practical realization of such an experiment should definitely prove the existence of decoherence in the thermodynamic limit produced as averaged in time Rabi oscillations. Indeed, cancellation of very fast oscillations is at the foundations of decoherence as nicely pointed out by Berry [6] .
The N-atom Jaynes-Cummings model was firstly considered by Cummings and Tavis [7] and can be written as
being ω the frequency of the radiation mode, a and a † the ladder operators, ∆ the separation between the energy levels of the two level atoms, g the coupling and σ 3i ,σ +i and σ −i the Pauli spin matrices. At the resonance ∆ = ω and in the interaction picture the Hamiltonian takes the simpler form
Now, we assume that all the two-level atoms are in the same state | ↑↑ . . . ↑ , a kind of "ferromagnetic state", and seek the solution of the Schrödinger equation for this H I in the form
being a † a|n = n|n for the radiation mode and α n (t), β n,i (t) the probability amplitudes to be determined. By substitution into the Schrödinger equation this state gives the set of equations
that can be solved by setting
The following relations are found for the coefficients
Now, let us consider a phase Schrödinger cat state [1]
being N a normalization factor, γ and φ two real numbers. It is not difficult to rewrite the above state as
being N ′ = 2N , and this gives . In this way we have fixed the oversized number of degrees of freedom in the original ansatz (3) .
At this stage we introduce the density matrix ρ(t) = |ψ(t) ψ(t)| that we want to reduce to a mixed form in the thermodynamic limit N → ∞. So, we have
and we realize that the Jaynes-Cummings model for N atoms can indeed help us to prove the existence of decoherence in the thermodynamic limit. To see this one have to ask what meaning should be attached to the terms that oscillate ever more fastly as N is increased.
We can see that the Rabi frequency can become comparable to the inverse of the Planck time for N large enough. But before this can happen, blurring imposes an average in time. This can be fully justified from a mathematical standpoint through the theory of divergent series [8] . This approach has been also applied to the problem of dephasing on mesoscopic devices [9] . So, by a direct experiment one can immediately discover Planck time physics or just decoherence by increasing the number of two-level atoms interacting with the given radiation mode. In the latter case, the density matrix should get the simple mixed form ρ(t) = 1 2 N ′2 e −γ 2 n γ 2n n! cos(nφ) 2 cos(N g √ n + 1t) 2 |n n|| ↑↑ . . . ↑ ↑↑ . . . ↑ |.
(11) In conclusion, we have shown how decoherence can be produced in the thermodynamic limit also for the N atom Jaynes-Cummings model that can be straightforwardly used to test such an approach. This question is relevant in view of a general proof of the existence of blurring both in space, already well known, and time.
